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The  preliminary  research  and  development  on  a 
continuously- variable  receiver  (Model  XCS-2)  for  the 
225-400  Me  frequency  range  is  described.  The  develop¬ 
ment  of  an  1-f  amplifier  and  calibrator  for  this 
Receiver  is  also  discussed.  Recommendations  for  future 
research  and  development  are  proposed. 
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tuning  control,  except  as  an  emergency  measure  in  the  event  of  failure  of  the 
automatic  tuning  control  and  for  the  "setting  up"  of  channels. 

(e)  Temoerature  control  of  the  high  frequency  oscillator,  if  reouired,  should 
not  exceed  the  demands  of  the  cr3'’stal  oven  of  the  ilodel  BDZ  equipments  for 
primary  power  consumption  (30  watts), 

4,  The  main  problems  in  achieving  the  performance  outlined  above  are  as 
follows: 

(a)  The  development  of  a  stable  oscillator  capable  of  being  accurately  tuned 
and  ca,librated, 

(b)  The  development  of  a  calibrator  v^hich  would  provide  a  suitable  calibra¬ 
tion  spectrum  throughout  the  tuning  rangeir 

(c)  The  procurement  of  a  suitable  and  atcurate  automatic  positioning  device 
for  controlling  the  tuning  of  the  receiver. 

Once  these  objectives  had  been  accomplished  a  relatively  simple  receiver 
could  be  produced  which  vrould  not  emplo3/’  the  la.rge  number  of  crystals  required 
by  the  Model  EI>Z  series  equipments,  nor  have  the  complexity  of  receivers 
employing  the  TH1407  principle, 

HI  S'OEY  OF  TEg  D.WSLOPMil^T 

5,  Before  the  problem  was  continuously  activated,  conferences  were  held  vdth 
manufacturers  of  positioning  controls.  Controls  made  by  the  Collins  Ha.dio 
Comnany  and  the  Yardeny  Engineering  Comnanjr  were  investigated,  A  discussion 
of  the  control  systems  investigated  is  given  in  paragraph  17. 

6,  At  the  start  of  the  development,  consideration  was  given  to  several 
items  which  are  outlined  below: 

(a)  A  block  diagram  of  the  proposed  receiver  wa.s  dravm  up  (Plate  l) ,  The 
preselector  shown  includes  two  signal-frequency  amplifier  tubes  of  the  remote- 
cutoff  type,  a  mixer  tube,  and  an  oscillator  tube.  Two  tuned-coupled  circuits 
are  shovm  between  the  antenna  and  the  grid  of  the  first  signal-frequency 
amplifier  tube,  one  single-^tuned  circuit  couples  the  tvro  signal  frequency 
amplifier  tubes,  and  one  single-tuned  circuit  couples  the  second  signal- 
freq^uency  amplifier  tube  to  the  mixer.  This  arrangement  v/as  chosen  as  a 
result  of  image  rejection  calculations  discussed  in  paragraph  27,  The  oscilla¬ 
tor  emoloys  one  single-tuned  circuit,  A  standardized  tjqpe  of  i-f  amplifier 
such  as  used  in  the  Models  F.CM,  PDO,  and  PDZ  receivers  with  a  nevr  set  of  i-f 
transformers  is  enrployed.  Choice  of  intermediate  frequency  is  discussed 
in  maragramh  27  while  determination  of  i-f  bandwidth  is  discussed  in  para- 
gre.ph  25.  Pive  double-tuned  transformers  a.re  employed  in  the  i-f  amplifier 
and  hence  a  50  to  5  db  selectivity  ratio  of  approximately  2.8  is  to  be 
e^cnected  as  measured  from  the  grid  of  the  first  i-f  amplifier  tube  (this  ratio 
'PU-ld  be  more  nearly  2.5  or  2.7  with  the  inclusion  of  the  i-f  transformer 
betv/een  the  mixer  and  first  i-f  amplifier).  The  transformers  are  adjusted 
to  be  slightly  undercoupled  in  order  to  simplify  trimming  and  assure  unifor¬ 
mity  in  manufacture.  A  calibrator  is  described  in  ’"aragraph  30  which  produces 
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harmonics  of  either  a  1  Me  cr7/stal  or  a  5  i'e  crj'stal.  These  harmonics  are 
feci  into  the  signal— frequency  amplifier  during  calibration  of  the  receiver. 
Simultaneously,  ha.rmonlcs  of  the  same  crystals  are  fed  into  the  i-f  amplifier, 
causing  bji  audihle  heat  note  vdren  the  inteiuiediate  frequencies  produced  hy 
the  mixing  of  the  local  oscillator  with  the  harmonics  introduced  into  the 
si  vnal— freci^uency  amplifier  ecpproach  the  frequency  of  those  harmonics  fed 
into  the  i-f  amplifier  from  the  calihrator.  The  heats  may  he  detected  hy  the 
use  of  headphones  or  hy  noting  deflections  of  the  audio  output  meter.  Thus 
the  opera.tor  ma.y  calibrate  or  adjust  the  dial  of  the  receiver  at  inteiuaals 
of  1  Me  or  5  Me.  The  receiver  may  he  remotely  controlled  hy  meams  of  an 
autotuna  ULiit,  or  equivalent,  v'hich  nay  he  set  for  ten  •oredetemined  positions. 

(h)  The  signal-f rec'ueiicy  and- oscillator  circuits  used  vrill  he  of  the  “lumped- 
constant”  type.  The  following  advanta-geg,  are  clamned  for  these  circuits: 

(l)  The  circuits  can  he  ganged  readily_„to  a  single  drive  shaft  if  variable 
air  condensers  erne  emplo7?'ed.  ^ 


(2)  The  necessary/  variable  condensers  are  readily  obtainable. 

(s)  Much  eynerience  has  ''een  obtained  in  the  application  of  this  type  of 
circuit  to  this  frequency/'  range. 

(4)  Low  :^equenc7r  t'heor’’  is  applicable  to  these  circuits  if  the  effects  of 
stray  inductances  and  capacitances  are  carefully  considered. 


(5)  Toiso  due  to  sliding  contacts  can  he  eliminated  h^-  the  use  of  split- 
stator  condensers. 

/ 

(S)  The  required  tuning  range  is  achievable  with  this  tyoe  of  circuit, 

(7)  These  circuits  ma;,-  be  built  so  as  to  occupy  less  space  than  other  t^qoes 
of  circuits  for  this  freo/aency  range. 


(a)  Methods  of  stabilization  for  Ivinped-constant  oscillators  have  been 
rigorously  developed  (Saference  S). 


(9) 


A  straight-line-frequency  t'j.niiig  characteristic  is 


easily  obtainable. 


(c)  The  “3-bar''  split-stator  tyoe  of  condenser  developed  by  the  Hadio  Con¬ 
denser  Company  of  Camden,  '/ev^  Jerse"  in  accortence  ’-uth  iTSL  recommendations 
will  be  eaploj^ed.  Similar  condensers  of  the  “4-bar“  t7aps  have  been  used  in 
the  Model  TJDZ  equipments.  These  condensers  have  a.  useful  rotation  of  240°, 
vrhich  permits  better  mechanical  control  of  rotation  than  v,i  th  condensers 
having  a.  smaller'  useful  angular  rotation. 


(d)  The  oscillator  will  o'^'erate  at  a  lower  frequence-  than  the  signa.l.  This 
vull  'provide  greater  oscillator  stabilitj'-  a.nd  greater  image  re.ioction,  as 
discussed  in  par-a-;:ra-;h  27. 
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7.  Having  na,cle  the  decisions  discussed  above,  the  details  of  the  tuning 
condensers  v/ere  calculated.  A  quotation  vras  requested  of  the  Hadio  Condenser 
Conpa-n’’-  for  the  raaniaf a.cture  of  these  condensers.  These,  condensers  vfere  to 
he  na.de  with  invar  plates  and  special  lovr  thermal- ejcnansion  coefficient 
ceramic  rods.  The  Hadlo  Condenser  Co.moanv  has  ad.vised  the  Lahoratorjr  that 
the  necessarp  ceramic  was  not  availa-hle  at  present  and  th.^'.t  the  general 
field  of  cana-citance  drift  with  temper.aturo  would  he  investigated  further 
before  a  q.uotation  was  made.  Calculations  nertaining  to  these  condensers 
a.re  nresented  in  nar-agranh  29. 


B.  The  choice  of  tubas  for  the  preselector  is  discvi.ssed  in  par.agr-aph  28. 

9.  Calculations  were  made  of  the  overall  frecuencp  stnhilitp  of  the  equip— 
j’lent.  This  resulted  in  a  choice  of  i-f  b-andwidth  of  0.5  I-.c.  These  calcula¬ 
tions  are  summiarized  in  paragraph  25. 

10.  Calculations  of  image  rejection  add  giv-sn  in  paragraph  35.  These 
resulted  in  the  choice  of  30  Me  as  the  intermediate  frequency.  The  adva.ntage 
of  operating  the  local  oscillator  below  the  signal  frequenev  ?.s  a  means  of 
inpi'oving  image  rejection  is  also  d-iscussed  in  parargra-.h  27. 

11.  A  set  of  i-f  transformers  designed  to  provide  an  overall  bandvridth  of 
0.5  Me  and  a  center  frequency  of  30  lie  were  constructed  and  incorporated  in 
a  'lodel  standardized  amplifier  cliassis.  The  design  and  development  of 
the  i-f  vaaplifier  is  discussed  in  paragraph  32  and  the  characteristics  of 
the  amplifier  are  illustrated  on  plate  2.  The  curves  shovm  do  not  include 
the  selectivity  of  the  additional  i-f  transformer  necessary  betv.'een  the  nixer 
and  first  i-f  amplif ier,  which  \vould  be  mounted  on  the  preselector  chassis. 

12.  A  crystal  controlled  calibrator  was  developed.  This  development  is 
described  in  par.a-graph  30.  The  circuit  diagram  of  the  ca.librator  is  show,  in 
plate  5, 

13.  Experiments  wore  conducted  on  .an  oscillator  in  the  desired  freq.uency 
ra.nge  to  investigate  procedures  for  stabilization,  Tliese  experiments  are 
described  in  paragraph  33. 

14.  At  this  point,  the  problem  was  closed  and  a.11  work  cea.sed,  except  for 
prepar.ation  of  this  report. 

BI3CH33I0I':  C?  HT-TCgTSHCI  STA.HILITY  PJP7JI5Si:irrTS 

15.  The  military  communication  channels  in  the  235-400  Me  range  .are  alloc-a.ted 
as  follov.'s:  primary  channels  are  s"'.a,ced  400  kc  apart  starting  at  325,000  Mh 
.and  secondary  channels  .?-re  located  micwe.y  between  the  prim,?-ry  channels,  The 
Model  'IDS  cryst. 0.1- controlled  transmitter  which  is  designed  for  shipboard  use 
in  this  range  has  an  overaJl  freqi^enci’'  stability  of  +  O.Ol^-.  Considering  a 
choninel  at  400  Me,  the  freouency  transmitted,  v.dll  lie  in  the  rang;e  4-00  t'c 

40  kc.  Thus,  to  insure  reception  of  the  trar.smitted  siginal  with  about  5  kc 
sidebands,  the  bondvddth  of  the  receiver  must  b.o  gre.atar  than  about  90  kc. 

The  required  bandwidth  of  the  receiver  mav  be  computed  by  suming  the  overall 


y  T  n 


drift  of  the  transmitter,  the  overall  drift  of  the  local  oscillator,  the 
overall  drift  of  the  i-f  an^^lifier  and  twice  the  maximum  modulation  frequency- 
employed.  This  is  done  in  paragraph  25.  The  greatest  drift  is  associated 
with  the  continuously- variable  local  oscillator.  This  drift  must  he  minimized 
if  the  greatest  number  of  useful  channels  is  to  be  provided. 

16.  Special  precautions  are  necessary  in  the  design  and  construction  of 
continuously-variable  oscillators  in  order  to  make  their  stabilities  ap-oroach 
those  of  crystal-controlled  oscillators.  Some  of  the  factors  which  determine 
the  accuracy  of  continuously-variable  oscillators  are  listed  below: 

(a)  Physical  dimensions  of  the  parts  used  in  the  oscillator  circuit.  These 
are  subject  to  change  with  temperature. 

i 

(b)  Input  and  output  impedances  of  the  -vShuum  tube  used.  These  are  subject 
to  change  with  plate  and  heater  voltage  variations  and  show-  a  change  with  the 
age  of  the  tube.  These  impedances  are  different  for  each  tube  and  also  change 
with  variations  of  oscillator  activity  dud  to  load  variations  and  with  frequency. 

(c)  Mechanical  backlash  in  the  oscillator  and  automatic  tuning  assembly. 

(d)  Changes  in  the  dielectric  constant  of  the  v'ater-air  vapor  between  the 
air-condenser  plates  due  to  changes  in  temperature  and  relative  humidity. 

(e)  Brrorfe  made  by  the  operator  in  calibration  and  "setting-up”  of  channels. 

(f)  Errors  in  the  frea.uencies  produced  by  the  calibrator. 

Experience  has  shown  that  the  most  prono-unced  changes  are  due  to  temperature, 
humidity,  and  supply-voltage  variations.  Since  the  oscillator  must  tune  over 
such  a  relatively  wide  frequeTj,cy  range,  it  was  not  considered  feasible  to 
employ  specially  built  compensating  capacitors  and  inductors.  It  was  decided 
to  use  materials  which  vrould  miminize  temperature  drifts,  to  regulate  supply 
voltages  if  necessary,  and  to  stabilize  temperature  insofar  as  possible. 

The  use  of  a  heater  inside  the  oscillator  compartment  would  also  serve  to 
reduce  humidity  varia-tions.  An  attempt  also  would  be  made  to  compensate  the 
oscillator  for  changes  in  tube  impedances  and  external  loading,  as  outlined 
in  paragraph  32. 

CONTROL  3YSTMS 

17.  In  order  to  accurately  set  the  frequency  of  the  receiver  for  operation 
on  any  one  of  ten  preset  channels,  a  remote  control  system  is  required  that 
is  capable  of  positioning  the  condenser  shafts  to  a  given  angular  position 
as  accurately  as  possible.  Continuous  remote  control  of  tuning  is  also 
desirable  for  some  applications.  The  Collins  Radio  Company  (manufacturers  of 
Autotune  Units)  was  contacted  with  regard  to  providing  a  compact  multiturn 
unit  which  could  he  preset  for  ten  channels.  This  company  is  developing  such 
a  unit,  which  is  expected  to  have  a  resettahility  of  +0.01  degrqe  hut  v/hich 
is  limited  by  its  shape  factor  and  difficulty  in  obtaining  continuous  control 
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of  rotation.  The  Yardeny  Engineering  Company  has  developed  and  demonstrated  a 
control  system  which  appears  adequate  for  this  application  and  has  a  stated 
resettahility  of  jf-  0.01  degree.  It  is  felt  that  the  control  system  made  hy 
the  Yardeny  Company  has  "been  improved  over  earlier  models  sufficiently  to 
warrant  consideration  of  it  for  this  receiver, 

STABILITY  OE  L  C  CIRCUITS 


18.  In  the  following,  it  is  assumed  that  the  freo^uency  of  an  oscillator  is 
determined  solely  hy  the  values  of  L  and  C  in  the  tuned  circuit.  This  is 
a  reasonable  assumption  if  comnensating  circuit  parameters  are  emplo:/ed  as 
suggested  helow  (Paragraph  22).  Neglectir^  losses  in  the  tuned  circuit,  the 
frequency  is  given  hy: 
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To  determine  the  effect  of  small  changes  in  L  a-nd  C  on  ,  the  total  derivative 
of  v/ith  respect  to  L.  and  C  is  evaluated  as  follows: 

dc^^c(L-t-^c(C  2 

^  L 

^fnere  C7To  i^'the  change  in  frequency  due  to  the  changes andG|.C respectively. 
Evalua-ting  the  partial  derivatives  in  equation  2, 

Mo-  -i  „ 

c;>L  ”■  H-TT  ii_  3 

Ms.  -  _  — “/L 

ac'  S-ttVCc^C  “  ZC 

Thus  the  total  differential  frequency  becomes,  from  equations  2  and  3. 


if- 


£ 
a 


dlL  o(C 


and  the  relative  frequency  change  is 


fo 


J_ 

z 


The  percentage  frequency  change 

d  L 


IOC 


-fo" 


By  substituting  values  for  and  into  equation  5,  the  freci,uency  stability 
m.ay  be  c3,lculated.  The  causes  of  inductance  changes  are  the  variations  in 
dimensions  of  the  inductor  element  itself  and  its  supports,  and  the  changes 
in  -permeability  of  the  medivun  v;hich  its  field  encompasses.  These  changes  of 
length  and  permeability  are  c.aused  mainly  by  tempera.ture  and  humidity  variations. 
To  information  has  been  found  on  the  change  in  permeability  of  air  due  to 
temperature  and  humidity  variations  but  this  effect  probably  is  negligible 


when  conpared  with  other  changes.  The  formula  (reference  4)  for  the  inductance 
of  the  tjrpe  of  inductor  used  in  this  freo^uency  range  is  very  complicated  and 
does  not  take  into  account  the  effect  of  shields.  Eov/ever,  for  practical 
purposes,  this  formula  may  he  simplified  to: 


where  L  is  the  inductance, 

is  a  proportionality  constant, 

is  the  physical  length  of  the  inductor. 


Thus  the  change  in  inductance  due  to  a  change  in  length  is 


given  hy: 


ciL^  K  c( 


7 


and  the  quantity  —jp which 


is  required  for  aquation  5  above  is  given  hy: 

o{L  .  K  J.  i  _  da 

L  *  K 1  JL  ® 


nv  .  dH  . 

The  quantity  -j-  is  equal  to  the  coefficient  of  linear  expansion  per  unit  tempera¬ 
ture  change the  material  used  to  make  the  inductor. 

19,  The  causes  of  air-capacitance  changes  are  the  variations  in  dimensions  of 
the  capacitor  due  to  temperature  changes,  and  the  change  in  the  dielectric 
constant  of  the  v/ater-air  vapor  hetv;een  the  plates  due  to  changes  in  tempera¬ 
ture  and  relative  humidity.  The  capacitance  of  the  condenser  may  he  apnroximately 
expressed  hy: 


r  ^  A 

‘HT  t 


9 


vhere^=:  The  effective  area  of  the  plates. 

=r  The  thickness  of  the  dielectric. 

£r  i  The  dielectric  constant. 

"Ij  =  The  number  of  dielectric  spaces  between  adjacent  rotor  and  stator 
plates . 

(This  formula,  neglects  edge  effects).  Considering  variations  of  diraehsions 
only,  it  is  seen  that  the  capacity  may  he  expressed  a.s  follov.rs: 


C~  ^ 


10 


wliere^is  a  factor  which  takes  into  account  the  term  in  equation  9  and???  is 
a  constant  of  proportionality.  Differentiating  equation  10, 


and 


(j  C  ~  771  o/  ^ 

dc  -  777  ^  ci^ 

C,  111 


/ll? 


Thus  the  relative  capacitance  change  per  unit  temperature  change  is  eaual  to 
the  coefficient  of  linear  expansion  per  unit  temperature  change  of  the  material 
from  which  the  condenser  is  made.  Eouation  5  may  now  he  revrritten  as 


jf.  , 

f.  ■ 


dJl  ,  d  A 


and  if  the  condenser  and  the  inductor  are  made  of  the  sane  material, 

cL  ^  _  cLjjh 
I  '  ^ 

and  equation  12  hecones  ,  i 

fo  i: , 

20.  Equation  13  expresses  the  fact  that  the  relative  frequencj'  change  ner 
degree  Centigrade  due  to  changes  in  dimensions  caused  hy  temperature  variations 
of  a  tuned  circuit  of  the  type  considered  is  given  hy  the  coefficient  of 
linear  expansion  per  degree  Centigrade  of  the  materia.1  from  which  the  circuit  is 
made.  In  order  to  achieve  optimum  stability,  a  material  having  a  small  expansion 
coefficient  ^^ould  he  used.  The  values  of  this  coefficient  for  brass  and  invar 
are  given  helow: 

Mat erlal  jl 

Brass  (66  Cu  -  34  Zn)  -8  per  degree  Centigrade 


Invar  (38^  iiTickel) 


iit  per  degree  Centigrade 
18.9,  X  C  (°-100  °C) 

0.9  X  i  (20°C) 


(The  above  values  Vfere  taken  from  reference  8)  . 

Considering  a  temperature  variation  from  -20®C  to  80®C  (a  net  change  of  100*0), 
the  net  frequency  changes  at  375  Me  for  a  brass  circuit  should  be: 

fU  =  -  10,9  X  10  X  '^75  X  106  X  100 
‘ -  710,000  cycles  or  -710  kc 


and  for  an  invar  circuit: 

^ n  r)  V  1  n  “6  ■ 


=  -  0.9  X  10  X  375  X  106  X  100 
”  =  -  33,800  cycles  or  -33.8  kc 


't  is  seen  that  the  use  of  invar  should  contribute  substantially  to  the  stability 
of  the  tinned  circuits. 

31.  The  effect  of  temperature  and.  h-omidity  changes  on  the  dielectric  constant 
of  the  water-air  vapor  betv;esn  the  condenser  plates  was  calculated  using  the 


n"!T  IT 


follov/in."  foraula  obtained  from  vjave  propao'p.tion  sources: 


L.  ^ 


II  E  ,  j.8>Cfo^E  ' 

T  ^  ■  T“ 


where  ^  =  dielectric  constant 

p  =  barometric  ■'pressure  in  millibars 
f  :=  partial  pressure  of  v;ater  vapor  in  millibars 
1“  absolute  temperature 

ket eoroloa'lcal  data  on  vater-air  vapor  was  obtained  from  the  Smithsonian  MfiSfeecfre— 
logical  Table  (Heference  5)  and  vras  modified  for  sftthsti1>tttterB  in-thP 
above  formula.  The  results  of  this  calcu.lation  are  shovm  graphically  in  Plate 
Assuming  th.at  the  dimensions  of  the  cowdenser  remain  fixed,  ecuation  A  mav 
be  written  ’  " 

r  -  i  ^ 

where ^  ■=  dielectric  constant, 

/  =  a  proportionality  constant. 

cr 

Differentiating,  z.  LcJl^. 


A  cnangeO'6  of  ap'-roximately  500  parts  per  million  takes  place  over  the  tempera¬ 
ture  range  -20®C  to  440®C  and  the  humidity  range  10^  to  97^.  Since ^  is 
a^oproximately  equal  to  unity^  ’  ’ 

s  =  500  X  10"5  17 

^  C  17 

Substituting  into  equation  5,  remembering  that  for  this  casec/Z,=rrO, 

v£  =  -  5.00  X  10~5  X  375  X  IqS  _  94,000  dycles 
°  2 


or  -94  kc 

It  is  seen  that  this  drift  is  greater  than  the  drift  due  to  changes  in  dimensions 
if  an  invar  circuit  stmcture  is  used. 

BPfgCT  .OP  TOBES  OF  OSCILLATOR  PPJETr'UHTCY 

23.  The  tube  used  produces  variations  in  the  frequency  of  the  oscillator  caused 
by  changes  in  the  plate  and  heater  voltages.  There  are  also  secondary  effects 
due  te’  changes  in  mixer  loading  on  the  oscillator,  Tliese  changes  cause  varia¬ 
tions  in  the  amplitude  of  the  oscilla.tions,  and.  hence  changes  in  the  equivalent 
plate  and  grid  resistances  and  capa.citances  of  the  tube  vrhich  usuallv  form  a 


1  L 


part  of  the  frequency  determining  circuit.  Llewellyn,  reference  6,  shows  how 
an  oscillator  may  he  compensated  so . that  variations  of  plate  and  grid  resist¬ 
ances  have  little  effect  on  the  frequency  of  the  oscillations.  Stabilization 
hy  these  means  involves  the  comnensation  of  a  Colpitts-type  oscillator. 

Plate  4  shov;s  a  typical  compensated  oscillator  of  that  type.  It  is  seen  that 
a  tap  on  the  rotor  of  the  condenser  is  required.  This  would  require  a  special 
double  split-stator  condenser,  If  contact  noise  is  to  he  eliminated,  1' 
is  the  compensating  inductor  and  is  independent  of  frequency  if  , 

remains  constant.  It  is  along  these  lines  that  compensation  is  planned,  as 
other  types  of  stabilization  are  effective  only  at  a  fixed  frequency.  It  is 
emphasized  that  while  the  effects  of  plate  and  heater  voltages  may  be  reduced 
by  the  use  of  voltage-regulator  tubes  and  barreters,  these  devices  do  not 
prevent  changes  In  tube  impedances  due  to  variations  of  mixer  loading.  It 
therefore  seems  desirable  to  compensate  the  oscillator  by  the  method  described 
above  whether  the  plate  and  heater  voltages  are  regulated  or  not, 

MECHAinCAL  SYSTEM  ERPORS 

33.  Considering  the  oscillator  as  operating  30  Me  below  the  signal  frequency, 
its  tuning  range  (allowing  1^  overlap  at  both  ends  of  the  signal  frequency 
rouge)  is  from  193,75  Me  to  374.0  Me.  This  is  a  frequency  range  of  181.25 
Me.  If  a  straight-  line-frequency  condenser  having  240®  of  useful  rotation 
is  employe^  the  frequency-rotation  correspondence  ratio  is  0.757  Me  per 
degree  of  ^^tation.  The  Collins  Autotune  used  in  the  Model  EDZ  equipment  is 
guaranteed  to  be  resettable  to  within  +  0,1®.  Thus,  if  this  tuning  mechanism 
is  used,  the  oscillator  could  be  reset  to  jt  75.7  kc.  Another  remote-control 
device  made  by  the  Yardeny  Company  is  claimed  to  be  resettable  to  ±  0.01®. 

Using  tMs  device,  the  resettability  could  be  as  little  as  jt  7,57  kc  in 
frequency. 

■CALIBEATIOE  EBEOHS 

24,  The  harmonics  of  the  calibration  oscillator  can  bo  expected  to  be  accurate 
to  jf  0.01^  if  the  crystals  are  not  temperature-controlled.  This  corresponds 

to  an  accuracy  of  +  40  kc  at  400  Me, 

EB5UI-IE  OE  STABILITY  COE 31  DERATIONS 

25,  The  total  drifts  and  errors  of  the  overall  communications  system  are 
presented  below.  The  data  given  assumes  an  opesating  frequency  of  400  Me, 
that  the  oscillator  is  30  Me  below  the  signal  frequency,  that  the  temperature 
of  the  local  oscillator  circuits  change  tron  -20  to  480®C,  that  the  relative 
humidity  in  the  local  oscillator  compartment  changes  from  10^  to  97^,  that 
the  oscillator  circuit  is  constructed  of  invar  and  that  a  IDZ  transmitter 

is  used. 

All  drifts  are  given  for  one  direction  (negative). 


CAUSE 

PERCE-T  ChAiUE 
lU  FPIDUE'CY 

ACTITAI.  CHA'"G-S 

IF  JPEIUE'CY  AS 
COITUTED  AT 

400  Me 

Invar  Timed  Circuit  Drift  duo  to  thernal 
dinonsional  chances . 

0.00925> 

-3?. 8  kc 

Drift  due  to  changing  dielectric 
constant  of  the  water- air  v.apor  in  the 

0  s ci 11, at or  connartnent . 

0.02.545s 

-94.0  kc 

hcchanical  Control  F-esett.ability  (if 
Tardeny  Control  Unit  is  emnlo--ed) . 

0.0'*19‘1 

-7.57  kc 

C.alibration  Oscillator  error. 

o.oif. 

40.  kc 

“ransnitter  drift. 

0.015"^ 

40.0  kc 

Allov/ancc  for  Side-bands. 

5.0  kc 

Total  Error. 

.055f. 

220.37  kc 

Jhe  ahoro  cnlculations  show  that  an  i-f  h^jac’.width  of  aT3”'roxir:'!att3ly 
•1-00  ^'c  is  rvsason^hl.',  if  no  to"roer=i.tnro  and  hi'nidit^?"  sto':ili'-/ations  arc 
o:nnlo7'''d.  It  was  dccic'od  to  construct  an  i-f  axrolificr  for  exnerimental 
work  hsvin.-’  a  S  dh  bandwidth  of  0.5  d'c  to  al3.ov7  for  other  drifts  not  considered 
abo’^o,  such  as  backlash  in  sh'^ft  coivolinv  dc*'icos,  etc. 

IM4G-S  REJgCTIOIT  CALCULA^IOI'S 


.28.  The  image  rejection  of  the  preselector  circuits  was  conputed-' using  the 
following  formulae: 


For  single  timed  circuits 

=(  =  i  -i-q-Y 

-For  tv7o  tuned- coupled  circuits 


v'hcri 


•  '  0( 


18 


is  the  relative  attenu-ation  at  the  in.age  frccuencY, 


•*  _  i. 


'A 

J 


ci r cui t  cons i der of 
is  the  seloctivitw  f?.ctor 
is  the  i':-a'.-e  frecuoncy, 
is  the  sio;nal  freouency. 


-11- 


/ITT 


Tho  fojT-iula  .;iiven  for  tvr-  teasd  cor.riled  clrcy.it s  is  for  the  c.='.se  'vrliere 
the  circr.lts  Iipa'c  equal  r.nc.  the  cou-olinr  'bstxfeoh  ths.'i  is  “critical"  •  . 

(Eeferonce  7).  ;To  sirirlifv  ali.^nent  of  these  circuits  and  ■irevent  diffici’.ities' 
duriii:-;  .na;iv.fact-ar3,  the  counlin.^^  hetween  then  should  ho  .ap- roxinatel^h  of 
critical  covo'^ling, 

27.  The  follo-i=d:i.r  is  a  tahulatioii' of  iHa-ve  attenuations  in  f'o  confuted  for  .a 
siisal  froquenc7  of  400  Kc  usin^  the  above  forrmlae: 

(a;  j;'or  the  oscillator  .o.hove  the  si-'V-al  freouonev,  t:  v  t't,:;.  V' 


.t  eriodiatelr  eo  uonev 


;  3o  Me 


30  Kc 


50  ‘  75  :  -!  50  it  :  :!  75 


'a.-Q  attenuation  of  cno  sin-rle  ti.uiod  circuit.  !  19.S  dh  23.1  'dB!  33.9  d-h  35. 5  dh 


sar;c  .attenuation  of  two  tuned-couv.lod  circults.l  33.1  do:  -10. lldh^  7,9.8  dti  4S.8  dh 


i:;\a:-:e  attenuation  of  overall  ■■■■raselcctor; 


ta'o  single  ^nod.  circuits  ^lus  tuo  tuned-  i 

cou'lod  cirarnits  (fou.r  tu'tcd  circuits  in  all).  [ 

(h)  lor  the  oscillator  holdx-r  the  sipual  fre-\\encv: 


i  72.3  dh  36;3Mh:  S5.5  dh  99.8  dh 


In ter:r~diato  Freouonev 


i  20  Me 


30  Me 


I  nans  attenimtion  of  one  sin.vle-tvuicd  cii’cuit.  i  20.4  dh'24.0  dh  34.3  d'bV27.R  dh 
ilnato  attenuation  of  two  tuned-cour-led' circuits.!  54,8  dhUl.9  dh'42.4  d.h  49.4  dh 

f  '  I  1  '  '  i  ^ 

I;oi.a.js  attenuation  of  overall  nreselector;  wo  !  75.6  dh  89'.9  dhl90.8  dh  105.0  dh 
sinrle  tuned  circuits  ulus  tvo  tuned-counled 
circuits  (four  tuned  circuits  in  all).  h  i  • 


e  follovinn  Conclusions  were  d-ra-vra  froa  the  Jibc^e  cB.lculations:  h 

)  Ooeratioii  of  the  local  oscillator  at  a  frequen.cjr  lov/or  thaxi  the  sinnal 
eouehco'  V'ill  nrovida  greater  i.oia.ce  atts-nuatioh  than,  if  the  osciliator  is 
■rated  at  a  hi.vher  fr0ruenc7  than  the  siynal.  h 

)  The  use  of  a  -30  lie  interaediate  freruenc"  ■^■'ill  •orovide  a.-',",rcxinatelv.  15 
nreater  i;nare  rejection  than  if  a  39  he  if  uere  used. 


(c)  A  mininura  image  attenuation  of  90  db  is  expected  for  the  receiver  if  the 
oscillator  is  operated  30  Kc  below  the  signal  frequency. 

CHOICS  OF  VACUTJT^  TUBES  •:  :  .  /..-/  v.;.  -  -  r’  V  :  v 

28.  The  following  vacuum  tubes  were  tentatively  chosen  for  this  receiver:  (  c:: 

(a)  Oscillator  tube  -  6F4  ■ 

(b)  Mixer  tube  -  6AK5  or  A4485  : 

( c)  Signal-frequency  amplifier  tubes  -  A4466  or  A4444  ' 

Pinal  choice  of  tube  tjrpos  will  be  depend^t  on  the  performance  of  the  tubes 
in  experimental .models.  The  6P4  was  chosen  for  the  oscillator  circuit  because^p 
it  appeared  to  give  the  best  perforaance''ln  the  experiments  described  in 
paragranh  33.  The  A4485  is  a  sharp  cut  off  single-ended  pentode  (gn  =  abodt 
9000)  v/hich  was  developed  for  use  in  the  Model  XCS-2  receiver.  The  A4466  is  ,  '1 

a  remote-cut-off  double-ended  acorn  pentode,  while  the  A444-4  is  a  remote-cut¬ 
off  double-ended  miniature  pentode.  These  tubes  (gm  =  6000)  were  also 
developed  for  use  in  the  Model  XCS-1  equipment.  The  use  of  remote-cut-off 
tubes  in  the  preselector  serves  to  minimize  the  effects  of  cross  modulation 
and  overload^  and  the  use  of  double-ended  tubes  serves  to  minimize  grid-plate 
capacitance^  in  the  tube  and  allovrs  better  comoartmentation,  thereby  reducing 
oscillator  radiation.  Sajp^les  of  the  types  A4485,  A4466  and  A4444  have  been 
submitted  to  the  Vacuum  Tube  Development  Section  of  the  Laboratory  for  measure¬ 
ments  of  input  admittance,  output  admittance  and  forward  admittance. 

COITDBTSER  CALCUIATIOFS  .  , 

29,  Specifications  for  the  tunning  condensers  were  calculated  as  follows: 

(a)  For  the  oscillator  circuit:  ,  ; 

The  oscillator  must  tune  from  192,75  Me  to  374  Me.  This  is  a  tuning 
range  of  1.94  to  1.  For  a  type  6F4  tube,  " 

Thus  the  equivalent  tube  capacity  presented  to  the 
tank  circuit  becomes;  /.9 The  minimum  capacity  of 
the  circuit  is  estimated  to  include  the  following,  ; 


Equivalent  tube  capacity 

-  2.5  uuf 

Trimmer  Capacity  (raid  range) 

-  3.0  uuf 

Minimum  Capacity  of  the  tuning 

condenser 

-  5,0  uuf 

Stray  capacities 

-  2.0  uuf 

Effective  Minimum  Capacity  -  12.5  uuf 


U ^  I  L 


Thus  the  maximum  oscillator  capacitance  should  he  12.5  X  (1.94)3  =47.1  uu5. 

This  corresponds  to  a  A  C  of  47.1  -  12.5  =  34.6  ui^f  . 

The  condenser  must  therefore  provide  from  5  to  39.6  uuf  in  such  a  fashion 
as  to  produce  a  straight-line-frequency  tuning  capacitance  with  a  total 
minimum  capacitance  of  12.5  uuf.  .  .v  ;  ,  ^'1 

-j.  :  .  \ 

■  I  ‘ i ■ '  rr'" 

(h)  For  the  radio-frequency-  circuits:  ci 

The  mixer  grid  circuit  will  probably  have  the  greatest  minimum  capacity.  ^ 
/Therefore,  calculations  are  made  for  this  circuit  and  the  other  signal 
frequency  circuits  \rf.ll  be  adjusted  to  have  the  same  minimum  capacity  as 
the  mixer  grid  circuit  by  means  of  the  trimmer  capacitors.  These  signal 
frequency  circuits  must  tune  from  222.75  to  404  Me  if  a  1^  overlap  is 
allowed  at  each  end  of  the  tuning  rad^e.  This  is  a  tuning  range  of  1.81  i"  ^ 
to  1.  The  minimum  capacity  is  estimated  to  include  the  follovring: 


Input  capacity  of  the  mixer  tube^ 

4.0  uuf 

Output  capacity  of  the  second  signal 

frequency  amplifier 

2.8 

uuf 

Trimmer  Capacity  (mid  range) 

3.0 

uuf 

Sfll-ay  capacity 

2.0 

uuf 

Minimum  capacity  of  the  tuning 

condenser  - 

5,0 

uuf' 

Effective  minimum  capacity  ..  ,  - 

16.8 

uuf 

,  The  maximum  sitUial  circuit  tuning  capacitance  should  be  16.8  X  (l.8l)^  = 
55.1  uuf. 

This  corresponds  to  s.^C  of  55.1  -16.8  =  38.3  uuf.  The  condenser  must 
therefore  provide  from  5  to  43.3  uuf  in  such  a  fashion  as  to  produce  a  1 
straight-line-frequency  characteristic  with  a  total  minimum  capacity  of 
16.8  uuf.  ■?/; 

PBSICrl?  Al'TD  I)ir-]jrLOP:  MT  OF  THE  CALI3PAT0R  CIRCUIT  '  ' 

30.  In  order  to  set  up  the  frequency  of  the  local  oscillator  for  operation 
on  particular  channels  in  the  235-400  megacycle  range,  an  accurate  calibration 
system  is  required.  The  system  described  below  involves  the  generation  of  stable 
Imown  check  frequencies  and  tuning  of  the  receiver  to  these  check  signals , 

The  number  of  calibration  points  required  depends  on  the  stability  of  the 
local  oscillator  and  the  linearity  of  its  tuning  characteristic,  and  the 
clmnnelization.  It  appears  that  the  oscillator  drift  can  be  kept  to  less  than 
0.25  Me  and  that  the  tuning  characteristic  can  be  made  essentially  straight- 
line-frequency  between  any  two  frequencies  spaced  one  megacrvcle  apart.  -Thus 
if  harmonics  of  a  crystal  oscillator  spaced  at  5  Me  intervals  are  provided, 
the  .oscillator  frequency  dial  may  be  calibrated  at  points  5  Me  apart.  In  order 
to  calibrate  at  frequencies  between  these  5  He  points,  harmonics  spaced  one 


Me  apart  would  "be  provided.  To  adjust  the  oscillator  to  frequencies  "between 
these  one  megacycle  points  requires  interpolation  involving  a  micrometer 
dial  control  of  the  oscillator.  Using  such- a  scheme,  the  oscillator  may  "be 
calibrated  at  frequencies  spaced  one  megacycle  apart  and  be  adjusted  to 
frequencies  between  these  calibration  points  by  an  interpolation  process. 

31.  The  circuit  developed  to  generate  these  harmonics  is  shown  in  Plate  5, 

It  consists  of  a  crystal-controlled  oscillator,  VI,  driving  two  distorting 
amplifiers,  V2A  and  VlB,  in  cascade.  The  harmonic  output  is  available  at  the 
plate  of  V2B.  Tvto  crystals  are  employed,  one  operating  at  a  frequency  of 
5  Me  and  the  other  operating  at  a  frequency  of  1  Me.  The  crystals  are  used  one 
at  a  time  and  are  switched  in  and  out  of  the  oscillating  circuit.  The  5  Me 
crystal  is  used  to  reestablish  the  dial  calibration  if  a  severe  change  in  local 
oscillator  frequency  has  taken  place,  whi^  the  one  Me  crystal  is  used  for 
routine  calibration.  The  crystals  are  connected  in  a  Pierce  tj'pe  oscillator 
circuit,  and  the  oscillator  output  is  "electron-coupled”  to  the  distorting 
amplifiers.  These  distorting  ajimlifiers  consist  of  both  sections  of  a  Type 
6J6  tube  acting  as  grid-leak  biased,  resistance- capacitance  coupled  amplifiers. 
The  distorted  output  is  rich  in  harmonics.  Using  this  circuit,  the  tv;o-hundredth 
to  the  four-hvindredth  harmonics  of  a  one  Me  crystal  v/ere  audible  on  a  Model 
EP-132  receiver.  It  is  planned  to  connect  the  output  of  the  harmonic  generator 
to  the  signal  frequency  amplifier,  similtaneously  grounding  the  antenna  to  - 
prevent  radiation,  and  to  couple  some  of  the  harmonic  energy  to  the  inter¬ 
mediate  frej^ency  amplifier.  An  audible  beat-note  will  be  heard  in  the  output  : 

of  the  receiver  when  a  harmonic  of  the  crystal-controlled  oscillator  is  tuned- 
in  by  the  signal  circuits.  It  is  to  be  noted  that  only  one  crystal  is  used 
at  a  time  during  the  calibration  process  and  hence  the  percentage  accuracy  of 
the  calibrator  is  the  same  as  the  percentage  accuracy  of  the  crystal  employed, 
VJhen  the  development  of  the  calibrator  had  reached  this  point,  further  work 
on  it  was  postponed  until  the  receiver  in  which  it  would  be  incorporated  was 
developed. 


32.  A  set  of  five  i-f  transformers  were  made  for  use  in  the  standardised  i-f 
system  to  provide  an  aitplifier  with  a  center  frequency  of  30  Me,  having  a 
6  db  bandwidth  of  5<^0  Kc  and  a  voltage  amplification.-of ,  100,000,,tj.mesj.  Since 
five  tubes  are  employed,  a  sta':e  gain  of  10  times  is  required.  The  tubes 
employed,  Tyne  6A37,  have  a  nominal  transconductance  of  5000  micromhos.  Thus 
critically-coupled  transformers  having  equal  primary  and  secondary  inpe dances  of 
4000  ohms  will  give  the  required  stage  gain.  The  coupling  of  the  transformers, 
however,  is  to  be  purposely  made  about  80^  of  critical  coupling  to  insure  ease 
of  alignment  and  to  allow  for  production  variations  of  coupling.  The  loss  in 
amplification  due  to  this  amount  of  under- coupling  is  approximately  7^  per 
stage.  Hence  the  resonant  impedance  of  the  transformer  tank  circuits  is  made 
approximately  4300  ohms.  To  produce  the  required  overall  bandv;idth,  a  Q,  of 
53  and  a  primary  and  secondary  tank  capacity  of  ap'-'roxiraately  65  uuf  is  required. 
The  primary  and  secondary  inductors  required  to  tune  the  tank  capacity  had  an 
unloaded  Q,  of  approximately  100.  Thus  a  resonant  impedance  of  approximately 
7500  ohms  (resistive)  is  contributed  by  the  coils.  To  make  the  primary 
impedance  4300  ohms,  a  resistor  having  a  value  of  approximately  8200  ohms  must 


shunt  the  primary  tuned  circuit.  The  input  resistance  of  a  Type  6AB7  tube 
at  30  Me  is  approximately  9000  ohms.  Thus  if  no  damping  resistors  are  added 
in  shunt  with  the  secondary,  the  resistance  added  to  the  primary  must  he 
less  than  the  calculated  value.  A  resistance  of  6800  ohms  connected  across 
the  primary  circuits  produced  the  desired  bandwidth.  A  6800  ohm  resistor 
was  also  added  across  the  secondary  of  the  last  i-f  transformer  since  the 
loading  due  to  the  second  detector  is  approximately  70,000  ohms.  Plate  6 
is  a  sketch  of  the  transformer  windings  and  Plate  2  shows  the  overall 
selectivity  characteristics  of  the  i-f  aa^jlifier.  To  obtain  these  character¬ 
istics,  a  Perris  Microvolter,  Model  18D,  was  connected  to  the  input  terminals 
of  the  amplifier.  Output  was  observed  on  a  Ballantine  Voltmeter,  shunted 
with  a  600  ohm  resistor,  which  was  connected  to  the  audio  output  jack  of 
the  standardized  IP-AP  chassis  used.  The  signal  was  modulated  30?^  at ‘1000 
cycles  per  second.  At  full  gain,  a  si.gnai^of  12  microvolts  was  feouired  to 
nroduce  standard  output  (6  milliwatts  into  600  ohms)  the  amplifier  "was 
aligned  at  30.0  Me  v;ith  the  gain  reduced-lapnroximately  40  dh.  It  is  seen  that 
shift  in  center  frequency  with  60  dh  gkin  control  variation  is  approximately 
1-.5  he.  The  overall  characteristic  shows  the  presence  of  some  regeneration 
at  full  gain. ^  Further  work  on  this  airolifier  is  necessary  to  minimize  center 
shift  v/ith  gain  change  and  to  overcome  regeneration.  It  is  recommended 
that  a  second  version  of  this  amplifier,  if  further  development  should  he 
carried  on,  use  symmetrical  loading  of  both  primary  and  secondary  circuits, 
i.e.,  equal^hunt  resistors  of  8200  ohms  across  both  windings,  or  an  6200 
ohm  shunt  op'  the  primary  and  an  equivalent  series  resistor  (about  35  ohms) 
between  the^ secondary  and  the  grid  of  the  amplifier  tube.  The  latter  arrange-' 
ment,  used  in  the  Model  EIXD  equipment,  assists  in  reducing  center-frequency 
shift  with  change  of  gain.  The  shunt  loading  afforded  by  the  amplifier  tube 
varies  with  gain  and  cannot  be  depended  on  to  furnish  satisfactory  loading 
effects.  ,  ;  , 


33.  The  characteristics  of  two  oscillator  circuits  were  investigated  over  the 
frequency  range  from  220  to  375  Me,  The  first  employed  a  T^pe  6j'6  dual  triode, 
as  shown  in  Plate  7.  It  vras  found  that  this  oscillator  would  not  operate  at 
the  frequency  of  the  tank  circuit  over  this  entire  range'.  It  v;ould  operate 
normally  over  only  the  high  frequency  half  of  this  range,  and  would  jun^j  to 

a  higher  frequency  when  tuned  towai^  the  low  frequency  end  of  the  range. 

The  higher  frequency  oscilltion  is  probably  due  to  resonance  of  the  tube 
capacities  with  the  lead  inductances  involved.  It  does  not  appear  feasible 
to  use  this  tube  as  an  oscillator  in  this  equipment, 

34.  Experiments  were  also  conducted  using. a  Type  6F4  tube  in  a  similar  circuit. 
iHiis  tube  was  made  to  oscillate  satisfactorily  over  the  frequency  range  from 
220  to  375  Me.  A  small  inductance  (Lo  in  Plate  7)  was  necessary  to  prevent 

the  oscillator  from  jumping  to  a  high  frequency  mode  of  operation  when  it 
was  tuned  to  the  low  frequency  end  of  its  range.  This  inductance  consisted 
of  approximately  one-half  inch  of  number  18  wire,  connected  as  shown  in  Plate 
7.  Attempts  at  stabilization  and  measurement  of  frequency  stability  were  not 
made  due  to  closing  out  of  the  subject  problem. 
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COgCLUSIOES  '■  .  :'V-  ■ 

35,  It  is  concluded  that:  >  :  '  : 

further  intensive  work  is  necessary  to  coinplete  thj  development  of 
receiving  equipment  employing  cohtinuouc3.y  varialle  local  dsoillators  in  the 
225  to  400  Me  frequency  range,  with  particular  emphasis  on  the  folloxfing 
points: 

(a)  Stahilization  of  the  L-C  oscillators  involved,  1’  ■ 

(h)  Development  of  additional  components  and  tubes  suitahle  for  application  : 
in  this  frequency  range,  ;  '  ,  '  if 

",  ,  '  ■  i 

(c)  Improvement  of  the  characteristics  of  the  intermediate-frequency  amplifier 
to  minimize  center  shift  and  eliminate  scegeheration. 

'!  :  ^  a.  ^  . 

36,  In  crier  to  achieve  the  performence  specified  in  reference  1  in  the 
marine:’  described  in  this  report,  it  is  recommended  that  research  and  devslon-i 
merit  urograms  be  continued  on  the  following  topics: 

(a)  St:ibil^zation  of  L-C  oscillators. 

( b.  Improvement  of  existing  components,  such  as  variable  condensers,  indnetors 
resistors,  fixed  condensers,  tubes,  etc.,  to  make  them  mere  suitable  for  ’ 

application  in  this  frea.uency  range,  '  ^ 

\c)  Improvement  of  the  performa,nce  of  intermediate-f refiuency  amplifiers 
from  the  noint  of  view  of  minimizing  center  frequency  shift  with  ^dir, 'va--ie- 
cion  and  elimination  of  regeneration.  "  ■  f  , 


/!  1  i  1  T  C  f*  V  T  -Ml  n 


TIMES  RESONANT  INPU^ 


I  Rt  Ln ) ^  i  t  i 


ILLA^R  CIRCUIT 


BuSliips  Itr.  to  KEL  Serial  2065(  9250)  dated  13  August  1945. 
BuShips  Itr.  to  URL  Serial  2533(9250)  dated  30  July  1946. 

Radio  Condenser  Company  Itr.  to  mKL  dated  July  29,  1946.  ■ 

Radio  Engineers  Handbook,  F.  E.  Terman,  New  York  1943,  page  51 
Smithsonian  Meteorological  Tables,  Jan.  1931- 
Proc.  of  the  IRS,  Vol  19  page  2063ff  Dec.  1931. 

Eadiotron  Designers  Handbook,  June  19-0.,  page  123. 

Handbook  of  Chemistry  and  Physics,  22nd.  Edition,  pages  1267  - 

Original  Data  Recorded  in  NSL  Note  Books 
Nos.  4722  and  2523 


BLOCK  DIAGRAM  OF  PROPOSED  PRESELECTOR 


m  T  M  t-  y^  n 


